Summary
Introduction
Recent reports have suggested that a low sodium/ high potassium diet reduces blood pressure in patients with essential hypertension and that potassium supplements can reduce blood pressure in normotensive subjects with familial hypertension (genetic normotensive subjects) [ 1-41. In order to evaluate how potassium supplements can interact with the regulation of blood pressure during the early phases of essential hypertension, we assessed the effects of a high potassium diet with differing dietary intakes of sodium on intralymphocytic sodium content and blood pressure at rest and during isometric exercise in subjects with borderline hypertension.
Patients and methods
We investigated 20 subjects (12 males, eight females) aged 15-28 years (mean f SD 22.5 f 5 years). A subject was considered to have borderline hypertension by previously published criteria [51. The subjects were randomly divided into two groups according to a cross-over, within-patient experimental design. The patients of the first group received the diets in the following order: low sodium diet (100 mmol of sodium/60 mmol of potassium daily); usual diet (160 mmol of sodium/60 mmol of potassium daily); high potassium diet (160 mmol of sodium/130 mmol of potassium daily); usual diet. The other group of patients received the diets in the following order: usual diet; low sodium diet; low sodium/ high potassium diet; low sodium diet. Each dietary period lasted 6 weeks. Potassiam supplements were given only via natural foods (mainly fresh and dried fruits and vegetables). Compliance was checked by measuring 24 h urinary sodium and potassium excretion. At the end of each dietary period we determined intralymphocytic sodium content 161, blood pressure and heart rate at rest and during handgrip (2 min at 30% of maximum handgrip). Blood pressure and heart rate were recorded at 1 min intervals with an automatic device (Dinamap 845). For final evaluation we considered blood pressure and heart rate values recorded after 1 min (casual) and after 5 min (baseline) of rest and after 2 min of handgrip in the seated position. We also measured serum sodium and potassium, plasma renin activity and urinary aldosterone (24 h). A group of 10 subjects with borderline hypertension (mean age f SD 22.6 f 4 years) served as a control. In these subjects blood pressure (at rest and during handgrip) and intralymphocytic sodium content were checked twice, before and after an interval of 12 weeks, to assess the reproducibility of the variables we measured in subjects on a free diet. Statistical analysis was performed by Student's t-test, paired and twotailed, for within-patient comparisons. The product-moment correlation coefficient between intralymphocytic sodium content and the percentage variations in blood pressure and heart rate induced by handgrip was computed in each group of subjects during each dietary period.
Results
Blood pressure values of the control group of subjects did not differ during the two sets of control observations separated by a 12 week interval (127/70 mmHg, first observation vs 128/70 mmHg, second observation). Similarly,
Free + Kt heart rate and intralymphocytic sodium content (28.0 3 mmol/kg vs 28.2 f 3 mmol/kg) did not show any change. The percentage increases in diastolic blood pressure induced by handgrip in the control group were respectively +33 f 12% and +33 f 17% before and after the 12 week period (N.S.). These data confirm that blood pressure, heart rate, intralymphocytic sodium content and the pressor response to handgrip are time-stable and reproducible in borderline subjects receiving their usual diet during a 12 week period. The values of diastolic blood pressure and intralymphocytic sodium content during each dietary period recorded in the two groups of patients treated with different diets are shown in Fig. l(a) . In both groups baseline diastolic blood pressure and intralymphocytic sodium content exhibited a parallel trend with a decrease of both variables during the low sodium diet and an increase during the high potassium diet when associated with both and low and a normal sodium intake. On the contrary, casual diastolic blood pressure was unchanged by potassium supplementation (86.8 8 mmHg during normal potassium intake and 87.1 f 8 mmHg during the high potassium diet). The urinary sodium/potassium ratio was 2.9 during the usual diet, 2.1 during the low sodium diet, 1.4 during the high potassium diet and 0.9 during the low sodium/high potassium diet. A significant inverse correlation was detected between body weight and the percentage increase in intralymphocytic sodium content induced by potassium supplementation (r = 0.79), whereas a direct correlation was found between the per-@ !... -. induced by handgrip during the usual diet (free), the high K+ diet (free + K+), the low salt diet (low) and the low salt/high K+ diet (low + K+). ***P < 0.001; **P < 0.01; *P . 0.05; N.S., not significant.
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centage increase in intralymphocytic sodium content during the high potassium diet and the ratio dose of potassium administered/body weight ( r = 0.87). These data suggest that there is a dose-effect relationship between the changes in potassium and intralymphocytic sodium content. Both plasma renin activity and urinary aldosterone rose significantly during the low sodium diet compared with values obtained during the usual diet (P < 0.05) and underwent a maximal increase during the low sodium/high potassium diet (P < 0401). The percentage increase in diastolic blood pressure induced by handgrip during each dietary period is shown in Fig. I@) . During the low sodium diet the pressor response was significantly lower than that observed during the usual diet (27% vs 34%; P < 0.05), whereas during the high potassium diets the responses were greatly reduced, being 11.7% and 13% (N.S.) for the high potassium diet and the low sodium/high potassium diet respectively. No significant differences in the percentage increases in systolic blood pressure and heart rate during exercise were observed between the four dietary periods. A significant correlation was detected between intralymphocytic sodium content and the percentage increase in diastolic blood pressure induced by handgrip both during the usual diet (r = 0-91) and during the low sodium diet (r = 0-90), whereas during the high potassium diet no correlation existed.
Discussion
The data from the literature regarding the effects of alterations in the dietary intake of sodium and potassium are conflicting [ 1-41. Our results have confirmed that in young subjects with borderline hypertension moderate salt restriction reduces intralymphocytic sodium content and diastolic blood pressure at rest [7, 81 and during isometric exercise. On the contrary, potassium supplements greatly decreased the pressor response to handgrip, but increased both baseline diastolic blood pressure and intralymphocytic sodium content. Casual diastolic blood pressure was unchanged. The increase in intralymphocytic sodium content induced by potassium was dose-dependent and a potassium dose of 0.8 mmol/kg body weight seemed to exert the minimal effect on resting blood pressure and intralymphocytic sodium content with maximal protective effect on blood pressure during handgrip. The experimental design we used and data collected in the control group ensured that any modification in the variable we recorded was dependent on the diet and was not spontaneous. The most favourable diet in patients with borderline hypertension was the low sodium/high potassium diet since blood pressure at rest and intralymphocytic sodium content were not modified whereas the pressor response to exercise was halved. It is noteworthy that our study was performed with practicable sodium restriction and potassium supplementation, only natural foods in acceptable quantities being used. The mechanism by which potassium supplementation induces a rise in intralymphocytic sodium content can be attributed to stimulation of a humoral factor impairing cellular sodium transport mediated by the increase in plasma aldosterone 19-1 1 I. Two hypotheses can be advanced to explain the variation in blood pressure observed during a high potassium dietary intake. The increase in intracellular potassium induced by this diet could alter cellular responsiveness to adrenergic stimulation. As a result a minimal adrenergic stimulation might induce an increase in Aresponse/Astimulation while a stronger stimulation might induce a reduction in Aresponse/Astimulation and in maximal responsiveness. That is to say the increase in potassium in vascular smooth muscle cells induces a rise in diastolic blood pressure when adrenergic stimulation is minimal (baseline resting blood pressure) whereas it reduces the pressor response to a greater stimulation (during handgrip). Another possible explanation is that the increase in diastolic blood pressure (baseline) during the high potassium diet could be caused by a reduction in baroreceptor cell responsiveness 1 12-1 3 1.
